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ABSTRACT
The present study investigated the underlying dimen­
sions of social behavior of infant monkeys. Three species 
of mother-infant dyad-reared monkeys were studied: crab-
eating macaques (Maoaoa fascioularis), rhesus macaques 
(Maeaea mulatto.), and patas monkeys (Erythrocebus patas). 
In addition, the behavior of crab-eating macaques reared 
in mother-sibling-infant triads and in nuclear family 
triads was investigated.
Independent maximum likelihood factor analyses of the 
mother-oriented and peer-oriented behavior of each of the 
five groups yielded seven factors, five of which were 
grossly similar across groups: social play, maternal
comfort and care, affiliation, mother-oriented social 
play, and social exploration. The remaining two factors 
were not consistent among groups of infants. Simultaneous 
maximum likelihood factor analysis of all behaviors failed 
to demonstrate mathematical equivalence of the factor 
structures of the five groups of animals. In addition, 
simultaneous factor analysis of peer-oriented behaviors 
failed to replicate previous research findings of factors 
of hostility, social play, and fear-withdrawal.
Although the findings of this study are consistent 
with previous research on the development of infant-mother 
and infant-peer affectional systems in nonhuman primates,
the results are not consistent with previous factor 
analytic research in terms of the numbers and kinds 
of factors obtained. Because this study used a behavior 
classification system that consisted of a greater number 
of more specific behaviors than previous research, the 
factors that resulted are greater in number and more 
specific in nature than those yielded by previous studies.
vii
INTRODUCTION
In an attempt to examine and to describe the develop­
ment of social behavior in macaques, numerous investigators 
have studied the behavior of young macaques in a variety of 
social situations. Young crab-eating macaques (Maoaca 
fascicularis) have been observed in laboratory situations 
that have included mother-infant dyads (Seay, Schlottmann & 
Gandolfo, 1972), mother-sibling-infant triads, and nuclear 
family triads (Buco 8s Seay, 1980). Young rhesus monkeys 
(Maoaca mulatto.) have been investigated in socially 
impoverished environments (Mason, 1960; Sackett, 1968), 
in mother-infant dyads (Harlow 8s Harlow, 1969), in mother- 
infant-twin triads (Deets, 1974), in nuclear families 
(Ruppenthal, Harlow, Eisele, Harlow 8s Suomi, 1974), and 
in socially complex groups (Bernstein 8s Draper, 1964; Hinde, 
Rowell 8s Spencer-Booth, 1964; Hinde 8s Spencer-Booth, 1967a, 
1967b). In addition, mother-infant dyads have been observed 
in pigtail monkeys (Maoaca nemestvina) (Jensen, Bobbit 8s 
Gordon, 1967; Rosenblum 8s Kaufman, 1967), in bonnet macaques 
(Maoaca vadiata) (Rosenblum et al., 1967), and in stumptail 
macaques (Maoaca specioea) (Bertrand, 1969).
In general, these studies have indicated that if 
infants were reared with their mothers and also had access 
to peers, then infant social behavior developed in a pattern 
that was consistent with Harlow and Harlow’s (1965)
2
description of the development of primate affectional 
systems. However, a number of these studies investigated 
variables that modify or disrupt the development of affec­
tional systems in infants. A key variable was the social 
environment in which an infant had been reared. Sackett 
(1969) reviewed numerous studies of the behavioral develop­
ment of infants reared by peers only, by surrogate mothers 
only, in partial isolation, and in total isolation. He 
concluded that early physical contact with peers is of major 
importance in the development of normal behavior: "Rearing
without peer experience and with limited nonsocial stimula­
tion produces deficiencies in later social, sexual, maternal, 
curiosity, and emotional behavior which is proportional to 
the degree of early stimulus deprivation" (p. 329).
A major problem in making comparisons among infants 
reared in various social environments is the variety of 
measuring techniques, scoring systems, and behavior classi­
fication schemes used by researchers. Two studies have 
been published that have attempted to sort macaque social 
behavior into empirical, meaningful dimensions. Locke,
Locke, Morgan, and Zimmerman (1964) performed a factor 
analysis on the observed behavior of 12 year-old rhesus 
infants that had been separated from their mothers at birth 
or shortly after birth. To measure social interactions, 
ten behavior categories were recorded: pass, approach,
contact, chase, aggression, passive awareness, avoidance,
3
escape, submission, and apparent unawareness. Using this 
system, social interactions were recorded by scoring an 
infant's behavior and the response of the other animal 
involved in the interaction. This system allowed 100 
possible behavior interaction types, the product of 10 
possible behaviors on the observed animal's part and 10 
possible responses on the second animal's part. For the 
28 social interaction types that occurred frequently enough 
for analysis, factor analysis consistently revealed the two 
factors of dominance and submission within quadrads of 
animals. The dominance factor involved those interactions 
in which the observed animal's approach or presence caused 
another monkey to withdraw. The submission factor involved 
those interactions in which the observed monkey withdrew at 
the approach of another animal. Locke et al. (1964) 
concluded that dominance and submission were independent 
dimensions rather than opposite poles on a single dimension.
The second published study (Chamove, Eysenck, & Harlow, 
1972) investigated the social behaviors of 168 year-old 
rhesus infants that were separated from their mothers at 
birth and given early peer experience. Ten behavior 
categories were recorded: social play, social exploration,
nonsocial play, nonsocial fear, appropriate withdrawal, 
inappropriate withdrawal, hostile contact, nonhostile 
contact, social cling, and noncontact hostile behavior.
A factor analysis performed on these categories for quadrad
4
groups with stable social relationships yielded the three
factors of play-positive contact, fear, and aggression-
hostility. In addition, factor analyses were performed
on the behaviors listed above for newly created dyads and
newly created triads, but the results were less clearly
interpretable.
Chamove et al. (1972) noted that the three social
behavior factors found in the stable quadrad groups were
not dissimilar to the three factors often found in research
on human personality: introversion-extroversion,
neuroticism-stability, and psychoticism. The authors
suggested one reason for this similarity:
we are here concerned with social behavior, i.e. 
how one animal behaves towards another, and the 
major possibilities of such behavior seem to be 
limited to the three patterns we noted; an animal 
can be friendly-sociable-affectionate, it can be 
hostile-aggressive-cruel, or it can be fearful- 
emotional-withdrawing. Most if not all social 
behavior can be grouped under these three main 
headings, and it is perhaps not too surprising 
that these patterns should emerge as factors in 
our investigation. (p. 502)
Although Chamove et al. (1972) suggested that three 
common factors should be found in primates, their results 
were not consistent with the dimensions of social behavior 
which emerged in the earlier study by Locke et al. (1964). 
Differences between the methods and subjects of these 
studies are of prime importance when considering the 
inconsistencies of the two investigations. A key differ­
ence, and one which is not restricted to these studies (for
5
other examples, see Reynolds, 1976), is the kind of 
behavioral classification system used in recording 
behavior. The catalog of behaviors used by Chamove et al. 
(1972) specifically distinguished between several behaviors 
which had been lumped together by Locke et al. (1964). For 
example, Chamove et al. (1972) distinguished between types 
of contact behavior and the social orientation of the 
behaviors (prosocial versus antisocial behavior), while 
Locke et al. (1964) lumped these behaviors into fewer 
categories which did not make these subtle distinctions. 
Because the two studies involved different behavior cate­
gories, different factors emerged. The factors revealed 
in the Chamove et al. (1972) study clearly differentiated 
the intent of social behaviors (play versus aggression) 
whereas the factors that emerged in the Locke et al. (1964) 
study did not (submission versus dominance).
The data collection techniques of the two studies also 
differ noticeably. Locke et al. (1964), in their terms, 
concentrated on "social interactions" rather than "social 
acts"; the behaviors of both the animal being observed and 
the second animal involved in an interaction were scored as 
one entity. In contrast, Chamove et al. (1972) recorded 
only the behavior of the animal being observed. Thus the 
factors found by Locke et al. (1964) were dimensions of 
social interactions while the factors that emerged in the 
Chamove et al. (1972) investigation were dimensions of
6
individual behavior.
Another major difference was that the subjects used 
for each study were reared in different social environments. 
In both cases the infants were separated from their mothers 
at birth or shortly after birth, but only the infants 
observed by Chamove et al. (1972) were given daily peer 
experience. The infants observed by Locke et al. (1964) 
were social isolates. Given that previous research has 
shown that early social interaction with peers has an 
important influence on the social development of infants, 
the presence of only two factors in the investigation by 
Locke et al. (1964) is not inconsistent with the findings 
that infants reared in socially impoverished environments 
possess a limited repertoire of social skills. However, 
because of the number of methodological differences that 
existed between the two published studies of dimensions of 
macaque social behavior, it is impossible to determine if, 
in fact, differences in social environments result in 
differences in empirical, meaningful dimensions of social 
behavior.
A primary purpose of this study was to clarify this 
issue. Given that previous research has revealed differ­
ences in the development of social behavior of infants 
reared in a variety of social situations (e.g., Harlow & 
Harlow, 1969; Sackett, 1968), do the dimensions of social 
behavior differ among infants reared in different social
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environments? In this investigation, factor analysis of 
data obtained from three groups of crab-eating macaques 
allowed within-species comparisons of the dimensions of 
social behavior across three social rearing conditions.
The purpose was to determine if the dimensions of infant- 
mother and infant-peer behavior varied as a function of 
rearing environment.
A second purpose of this study was to determine if 
dimensions of social behavior were similar across several 
primate species, a possibility suggested by Chamove et al. 
(1972). Previous research has indicated some differences 
in the behavior of primate species (e.g., Seay & Gandolfo, 
1972), but no previous attempt to compare the dimensions 
of social behavior among species has been published. Data 
were available from a previous study of rhesus infants 
(Seay, 1966) which permitted within-genus comparisons of 
rhesus macaque behavior with the crab-eating macaque 
behavior collected in this study. In addition, data were 
collected on patas monkeys (Erythroaebus patas) in this 
study which allowed comparisons of factor structures of 
infant behavior among species of different genera.
A third purpose of this study was to investigate the 
empirical, meaningful dimensions of maternally directed 
social behavior of infants. Factor analyses were performed 
on combined mother-oriented and peer-oriented behaviors to 
determine dimensions of social behavior based on a more
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representative sample of infant behavior than utilized in 
previous research. In addition, factor analyses were 
performed on infant-peer behaviors separately for the 
purpose of relating this study to previous research.
METHOD
Subjects
The subjects in this study were drawn from three 
species of Old World monkeys: crab-eating macaques (Maaaca
fascicularis), patas monkeys (Erythvoaebus patas), and 
rhesus macaques (Maaaca mulatta). Three groups of crab- 
eating monkeys were studied. The first group, mother- 
infant dyads, consisted of eight infants raised from birth 
with their mothers. Eight infants were reared in the 
second group, mother-sibling-infant triads. The siblings 
were li to 2 years older than the infants. The third 
group was comprised of infants raised in mother-father- 
infant triads, i.e. nuclear families. One group of patas 
monkeys, eight mother-infant dyads, was observed.
In addition, data previously collected by Seay (1966) 
were available on eight rhesus mother-infant dyads that 
were observed at the Wisconsin Regional Primate Research 
Center. Use of these data was possible because of the 
similarity of the data collection techniques and because 
the same primary observer collected much of the data in 
both studies. Any differences in procedures between Seay 
(1966) and the current study will be noted where appropriate. 
Apparatus
The apparatus at the Louisiana State University 
Primate Center for housing and observing each pair of
9
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crab-eating and patas infants and their families consisted 
of three adjoining cages constructed of flattened, expanded 
metal on angle iron frames. The outer cage at either end 
was a home cage measuring 27" x 36" x 42" that housed an 
infant, its sibling and/or parent(s). Between the two home 
cages was a play cage measuring 27" x 60” x 42” with a 3.5" 
x 5.5" door on each side that allowed each infant, but not 
its parent(s) access into the play cage from the home cage.
A partition constructed of flattened, expanded metal 
separated the play cage into two equal parts. The infants 
could see, hear, and touch one another through the holes in 
the partition. Each set of housing apparatus was contained 
in a different room.
The apparatus for housing and observing dyads of rhesus 
infants and their mothers consisted of four home cages 
joined to a center play cage that was divided into four 
sections. Each home cage was 36" x 36" while each section 
of the divided play cage was 30" x 30" x 30”. The four 
infants, but not their mothers, had access to the play cage. 
Infants were permitted to interact in pairs. For further 
details, see Seay (1966).
Procedure
At the Louisiana State University Primate Laboratory, 
crab-eating and patas infants were assigned to conspecific 
pairs in order of their births. Each pair of infants were 
then assigned to an observing unit. In the patas dyad
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group, in the crab-eating macaque dyad group, and in the 
crab-eating macaque mother-sibling-infant triad group, the 
divider in the play cage was left in place until the younger 
infant of each pair was 15 days old. In the nuclear family 
crab-eating macaque group, the divider separated the infants 
until the younger animal in each pair was 45 days old in 
order to prevent an adult male from killing an alien infant 
that approached too close. Previous research (Mitchell, 
1969) indicated that this was a possibility.
At the Wisconsin Regional Primate Center, all rhesus 
mother-infant pairs were placed in home cages on the day of 
the infant's birth. The dividers were removed five days 
after birth to allow pairs of infants to interact daily. 
Mother-infant pairs were rotated to different home cages 
every week so as to allow all combinations of pairs of 
infants to interact.
Data Collection
Each infant in the crab-eating macaque nuclear family 
group was observed for six 15-minute sessions a week. All 
other infants were observed for ten 15-minute periods a 
week.
The scoring system used was a modification of a system 
devised by Hansen (1962). Each observation session was 
divided into 60 15-second intervals. A tape recording was 
used as a timing device. A behavior was scored once in an 
interval if the behavior occurred during that interval.
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Therefore, scores ranged from a minimum of zero to a 
maximum of 60 for each behavior per session for each 
infant. Although data was collected on each infant during 
its first six months, for the purposes of this study 40 
observation sessions per infant were randomly selected from 
the pool of all observation sessions that occurred between 
the ages of 3i months and 6 months for each infant. In the 
case of the crab-eating macaque mother-sibling-infant group, 
only a total of 119 observations were available instead of 
the preferred 160 observations.
Scoring Categories
A variety of behavior categories were scored. 
Definitions of the categories follow.
Ventral contact— gross body contact with another 
animal's ventral surface.
Nonventral contact— gross body contact with any 
surface of another animal other than the ventral surface; 
labeled gross body contact in Seay's (1966) study.
Groom— spreading or picking the fur of another animal.
Nursing— nipple contact with the mother.
Oral contact— mouthing another animal, other than 
nipple contact with the mother or a bite directed at any 
other animal.
Manual manipulation— manipulating another animal with 
the hand.
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Approach— an oriented movement of at least one body 
length towards another animal.
Withdraw— an oriented movement of at least one body 
length away from another animal.
Clasp-pull-nip— any brief nip, cuff, or clasp-pull 
directed toward another animal; recorded for rhesus monkeys 
only. In the current study, clasp-pulls, cuffs, and bites 
were scored as separate behaviors.
Cling— grasping another animal's fur with one or both 
hands or feet.
Threat— flipping the ears or dropping the jaw while 
oriented toward another animal; recorded for rhesus monkeys 
only. In the current study, earflips and jawdrops were 
scored as separate behaviors.
Lipsmack— repetitive, rapid opening and closing of 
the mouth in a "grin" with social orientation.
Noncontact play— chasing or bounding away from or at 
another animal involving a beeline attack of three or more 
body lengths or two directional changes; also includes 
vigorous bouncing in place with visual orientation toward 
another animal.
Contact play— wrestling or biting with rapid changes 
in location, or biting with head shaking; components of 
play are not scored if contact play is scored. For the 
rhesus monkeys, nonmutual contact play scores and mutual 
contact play scores were added together to approximate
14
this scoring category.
All of the above behaviors except nursing were scored 
as being directed toward the mother or toward the peer. 
Nursing was scored only if it was directed toward the 
mother.
Please note in the following analyses that some 
behavior categories were not observed in all groups, and 
therefore these variables were not included in the factor 
analyses for that group. In addition, due to differences 
in the behavior categories used for the rhesus monkeys and 
the categories used for the other infants, only 22 behaviors 
were scored for the rhesus infants while 30 categories were 
used for the other infants.
Data Analysis
Comparisons of the factor structures of social behavior 
among the five groups of infants observed were made utiliz­
ing recent results of Joreskog (1966, 1967, 1971). It has 
been shown that hypotheses regarding differences between 
factor structures of any number of groups can be tested 
using maximum likelihood analysis.
The following notation shall be used in the descrip­
tion of the factor analyses and in the results. Let X be 
a p x 1 vector of p behavior scores measured in a group.
Let the mean be represented by a p x 1 vector, y, and let 
the variance-covariance matrix be represented by I, of 
order p x p. If it is assumed that a factor analysis
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model holds in the population so that X can be accounted 
for by a p x 1 vector of k common factor scores, f, and 
a p x 1 vector of p unique scores, Z, then the vector of 
behavior scores is
X = y + Af + Z 
where A is the matrix of factor loadings of order p x k.
It can be shown that the population variance-covariance 
matrix is
Z = A<j>A' + ty2,
where <f> is the dispersion matrix of the common factors, f, 
and ip2 is the diagonal matrix of unique variances.
In maximum likelihood factor analysis, maximum likeli-
A  ^  ahood estimates, A, <j>, and ^ are obtained by iteratively
minimizing the function
F = (N-l)[log|Z | - log|S| + tr(SE-1) - p] 
where S is the sample variance-covariance matrix, Z is the 
maximum likelihood estimate of the variance-covariance
A A Amatrix determined from A, <f>, and ip2 , and N is the sample 
size. If N is large the value of F at the minimum is 
approximately distributed as x 2 with degrees of freedom 
equal to
d = £p(p+l) - q, 
where q equals the number of parameters independently 
estimated in the model for which F is minimized (Joreskog, 
1966). The large sample x2 associated with maximum likeli­
hood factor analysis can be used to test the goodness of
16
fit of hypothesized factor models.
To test a hypothesized model using a significance 
level of a, the minimum value of F is determined and the 
hypothesis rejected if the value of F exceeds the (l-a)th 
percentile of the x 2 distribution. However, the x 2 test 
is extremely sensitive to even minor departures from the 
model when the sample size is large. The researcher is 
not usually interested in a factor model that represents 
the data exactly, for with a large enough number of factors, 
the model will surely fit the data well. Rather, he is 
usually interested in what smaller number of factors, which 
are intuitively reasonable and acceptable, will account for 
most of the interrelationships in the data. With a large 
enough sample size, use of the x 2 test will result in the 
rejection of almost any hypothesized model. To overcome 
this difficulty of the x 2> Tucker and Lewis (1973) have 
provided a reliability index defined as
M - M*a  O KP = 57^
where MQ = X20/dfo and = ^k.^^k* 's and the
degrees of freedom are those obtained from maximum like­
lihood factor analysis solutions with zero and k common 
factors, respectively. p is based on a variance components 
analysis and provides a measure of the goodness of fit of a 
specified model with k common factors by indicating the 
proportion of variance accounted for by the particular
17
model relative to the total variance within the data, 
p greater than .90 will be the criterion for a well fitting 
model.
The procedure, rationale, and results of the compari­
sons will be presented below.
ANALYSES AND RESULTS
The behavior categories mother-oriented cuff and 
peer-oriented groom were not included in the following 
analyses due to the infrequent occurrence of these 
behaviors. In addition, the category of mother-oriented 
jawdrop was not observed in the crab-eating macaque 
mother-sibling-infant triad group. As a result, the 
behavior does not appear in any factor analysis for that 
group.
Preliminary Data Analysis
The data were collected for the five groups of 
infants during the period 1962 to 1975 as follows: rhesus
mother-infant dyads, 1962 (Seay, 1966); patas mother- 
infant dyads, 1967-68; crab-eating macaque mother-infant 
dyads, 1966-68; crab-eating macaque mother-sibling-infant 
triads, 1971-72; and crab-eating macaque nuclear family 
triads, 1975. In order to determine if subtle changes in 
application of the definitions of the scored behaviors 
occurred over the 13 year period, correlations between 
year and behavior scores were computed. The behavior 
scores for all five groups of animals were pooled for 
this analysis. The results of this preliminary analysis 
(see Table 1) indicate that in general the correlations 
between year and the observed variables are low. Although 




Correlations between behavior scores and the year 











Ventral contact 1239 .04 .002
Nonventral contact 1239 -.03 .001
Oral contact 1239 -.30* .092
Uanual manipulation 1239 .04 .002
Approach 1239 -.38* .144
Withdraw 1239 -.45* .202
Clasp-pull-nipa 320 .00 .000
Clasp-pullb 919 .27* .073
Biteb 919 .36* .132
Cuffb 919 -.15* .022
Cling 1239 .13* .016
Threat3- 320 .00 .000
Jawdropb 919 .07* .005
Earflipb 919 -.11* .012
Noncontact play 1239 -.37* .136
Contact play 1239 -.35* .120
Lipsmackb 919 -.02 .001
Mother-oriented behaviors
Ventral contact 1239 .39* .155
Nonventral contact 1239 .10* .010
Groom 12 39 .03 .001
Nurse 1239 .13* .016
Oral contact 1239 .03 .001
Manual manipulation 1239 .08* .007
Approach 1239 -.05* .002
Withdraw 1239 .16* .024
Clasp-pull-nipa 320 .00 .000
Clasp-pullb 919 .19* .037
Biteb 919 .15* .023
Cling 1239 .46* .209
Threata 320 .00 .000
Jawdropb 919 .08* .007
Earflipb 919 .03 .001
Lipsmackb 919 .09* .008
aCategory scored for rhesus infants only
bCategory scored for all infants except rhesus infants
♦Probability of r £  .05
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the proportion of variance accounted for by year is small 
in most cases.
Factor Analysis of Individual Groups
Initially the data from each group of infants was 
independently subjected to maximum likelihood factor 
analysis, extracting the same number of factors from 
each group. The purpose of these analyses was twofold.
The primary purpose was to independently determine the 
factor structure of each group, subject to the condition 
that each group had an equal number of factors extracted. 
The second purpose was to determine if the factor struc­
tures of all groups were similar enough to warrant attempt­
ing to fit the same structure to all groups of infants.
In order to determine the appropriate number of 
factors to extract from every group, two indices were 
utilized. Cattell's scree test (Cattell, 1966) was indi­
vidually applied to each group. This procedure consists 
of plotting the latent roots of the correlation matrix to 
be factored. The plot typically falls in a steep curve 
and then smoothes out in a fairly straight line, the 
scree. The latent root at which the scree begins, say 
the kth root, is an indication that k common factors 
include the nontrivial common variance, while the remain­
ing factors are trivial or error factors. The results of 
the scree tests for each of the five groups of infants are 
shown in Table 2. The number of common factors yielded
21
Table 2
Number of factors indicated by the scree test 
for each group of infants
No. of Common Factors
Infant Group______________________Indicated by the Scree Test
Patas mother-infant dyads 6








ranged between five and eight factors. On the basis of 
these results, it was decided that a seven factor solution 
would reasonably fit all groups.
The decision to extract seven factors was supported 
by the second index utilized to determine the number of 
common factors, Tucker and Lewis' goodness of fit reli­
ability index. To apply the goodness of fit index, 
maximum likelihood analyses were performed individually 
on each group of infants, successively extracting three 
to ten common factors and no factors. These analyses 
were performed using Joreskog and Sorbom's (1978) explora­
tory factor analysis program (EFAP-II) which yielded a 
large sample x 2 test of goodness of fit. Since independent 
X 2,s and their associated degrees of freedom are additive, 
the overall x 2 goodness of fit for a given number of 
factors was obtained by adding the x 2 's and associated 
degrees of freedom across the five groups. From the over­
all x 2's > values of Tucker and Lewis' reliability index 
were computed. Based on the results (as shown in Table 3), 
the earlier decision to fit seven common factors to each 
group was supported.
The unrestricted maximum likelihood factor analysis 
solutions for seven factors are shown in Tables 4, 5, 6,
7, and 8. These analyses were performed on the correla­
tion matrix of each infant group using EFAP to extract 
and promax-rotate seven factors.
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Table 3
Goodness of fit of factor models with 






















Loading of 22 behaviors on seven factors from
the analysis of the correlation matrix of
the rhesus group of infants
Factors
Behaviors____________________ I IX III IV V VI VII
Peer-oriented behaviors
Ventral contact -.18 -.07 .29 -.10 .03 .05 .22
Nonventral contact .06 .07 .68 -.12 -.01 -.07 .08
Oral contact -.03 .04 .48 .15 .08 .09 -.14
Manual manipulation -.08 -.02 .07 -.06 .08 -.02 -.04
Approach .61 .06 .37 -.03 .00 .04 .02
Withdraw -.02 .01 -.05 .08 -.01 .99 -.02
Clasp-pull-nip .84 .01 -.02 -.01 .00 -.08 -.15
Cling .00 .00 .75 .11 -.05 -.04 -.07
Threat .73 -.01 -.11 -.01 -.04 -.03 .11
Noncontact play .16 -.02 -.04 -.10 -.04 .47 .01
Contact play .69 .05 .04 -.02 .04 .08 .05
Mother-oriented behaviors
Ventral contact -.07 .79 -.02 -.01 -.03 -.08 .04
Nonventral contact .00 -.12 .01 .10 -.09 -.08 .70
Groom -.05 .09 -.05 .01 .12 .05 .12
Nurse .03 .99 .05 .00 -.08 .04 -.04
Oral contact .00 -.10 -.02 .00 .99 -.01 -.02
Manual manipulation .00 .26 -.05 .02 .24 .04 .05
Approach -.04 .00 -.04 .15 -.03 .02 .81
Withdraw -.07 .00 .06 .60 -.02 .10 .19
Clasp-pull-nip .24 .01 -.05 .30 .07 -.05 .06
Cling .04 .11 .01 -.09 .12 -.01 .57
Threat -.03 .02 .04 .28 -.03 -.04 -.03
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Table 4b
Interfactor correlations of promax-rotated factors 
for rhesus mother-infant dyads
Factors I II III
I 1.00
II -0.22 1.00
III 0.04 -0.17 1.00
IV 0.00 0.02 o01
V i o o CO 0.22 o•01
VI 0.41 -0.22 0.10
VII -0.02 0.22 -0.02




0.06 0.34 0.08 1.00
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Table 5a
Loadings of 29 behaviors on seven factors from
the analysis of the correlation matrix of
the patas group of infants
Factors
Behaviors I II III IV V VI VII
Peer-oriented behaviors
Ventral contact .03 -.01 .18 -.02 -.03 .03 .02
Nonventral contact .01 .01 .28 .01 -.01 . 10 . 13
Oral contact .10 .02 .14 .03 -.11 -.16 .08
Manual manipulation .06 .01 .00 -.04 -.08 .22 .02
Approach .28 .00 .35 -.01 .05 .82 -.03
Withdraw .73 -.06 .13 -.09 .07 . 30 -.09
Clasp-pull .54 .02 .78 .03 -.09 -.05 -.02
Bite .49 .00 .60 -.03 .01 .05 -.04
Cuff .41 .01 .04 -.01 .14 .21 .22
Cling .02 .04 .64 .06 -.08 .17 .03
Jawdrop .78 .02 . 74 .05 -.08 -.07 .01
Earflip .05 -.01 .02 .03 .03 -.02 .99
Noncontact play .29 -.08 -.01 -.03 -.07 .41 .02
Contact play .29 .03 .08 .07 .02 .00 -.06
Lipsmack .01 .02 -.05 -.06 -.03 -.01 .55
Mother-oriented behaviors
Ventral contact .02 .11 -.12 .02 .64 -.09 .04
Nonventral contact .05 .92 .03 .02 -.11 -.01 -.03
Groom .13 -.02 -.01 -.04 -.02 -.05 -.02
Nurse .03 .65 -.03 -.05 .10 -.03 .01
Oral contact .03 .01 -.19 .08 -.05 -.09 -.05
Manual manipulation .03 .05 -.28 .08 -.19 -.02 .05
Approach .04 .11 -.24 .15 -.20 .35 .08
Withdraw .02 .16 .04 .21 .01 .22 -.09
Clasp-pull .01 -.04 -.06 .25 .19 -.13 .04
Bite .03 .00 .04 .79 .04 -.10 .00
Cling .00 .99 .02 -.02 .18 .01 .02
Jawdrop .02 -.04 .02 .78 -.02 .09 .02
Earflip .01 -.02 -.01 .21 -.01 .05 -.01
Lipsmack .00 .17 .00 -.07 -.11 -.06 -.02
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Table 5b
Interfactor correlations of promax-rotated factors 
for patas mother-infant dyads
Factors I II III
I 1.00
II -0.08 1.00
III -0.08 I o 00 o 1.00
IV 000o1 0.26 -0. 35
V -0.25 0.00 0.32
VI 0.47 -0.03 -0.07
VII 0. 35 0.04 -0.25
IV V VI VII
1.00 
- 0.02 1.00 
0.08 -0.23 1.00
0.03 -0.20 0.28 1.00
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Table 6a
Loadings of 29 behaviors on seven factors from the
analysis of the correlation matrix of the
crab-eating macaque mother-infant dyads
Factors
Behaviors I II III IV V VI VII
Peer-oriented behaviors 
Ventral contact -.03 -.03 -.03 .05 -.02 -.04 .99
Nonventral contact -.10 -.01 .90 -.01 .00 -.02 .07
Oral contact .30 -.01 .02 .02 .45 -.22 .08
Manual manipulation .26 .05 .01 .15 .18 -.17 -.01
Approach .65 -.05 .14 .05 -.01 .17 -.07
Withdraw .65 -.05 -.06 .01 -.03 -.19 -.10
Clasp-pull .61 .03 .01 .16 .14 -.13 .01
Bite .70 .03 .21 -.06 -.11 -.05 -.01
Cuff .43 -.09 -.02 -.02 -.01 -.03 .13
Cling .01 .00 .99 .02 .03 -.03 .04
Jawdrop .86 .01 -.12 -.07 .03 .15 .03
Earflip .86 .06 -.13 -.13 -.09 .05 .00
Noncontact play .13 -.09 -.16 .12 .00 -.14 -.10
Contact play .45 -.01 .09 -.11 -.01 .07 .01
Lipsmack .00 .00 .04 -.02 -.06 .10 .66
Mother-oriented behaviors
Ventral contact -.04 .93 -.03 .03 -.03 -.07 .01
Nonventral contact .08 .08 .01 -.05 .20 .74 .02
Groom -.15 .03 -.03 -.06 .35 .00 .10
Nurse .01 .84 .02 -.03 .01 -.02 -.05
Oral contact -.14 -.01 -.02 -.03 .58 .24 -.04
Manual manipulation -.03 -.06 .03 -.05 .69 .25 -.06
Approach .22 .01 -.09 .05 .14 .49 -.04
Withdraw .12 .01 -.07 .14 -.06 -.03 .00
Clasp-pull -.14 .03 .01 .90 -.05 .08 .04
Bite .03 -.02 .03 .46 -.02 .46 .01
Cling .06 .94 .00 .03 -.04 .21 -.02
Jawdrop .07 .02 -.01 .01 -.03 .21 .03
Earflip .04 .07 .06 .02 .14 .00 .04
Lipsmack .09 .10 -.01 -.02 .01 .05 .19
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Table 6b
Interfactor correlations of promax-rotated factors 
for crab-eating macaque mother-infant dyads
Factors I II III
I 1.00
II -0.14 1.00
III -0.05 i o it* 1.00
IV 0.28 -0.09 -0.11
V 0.27 0.06 -0.13
VI 0.12 0.18 O1
VII -0.13 -0.07 0.05




-0.19 -0.03 0.14 1.00
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Table 7a
Loadings of 28a behaviors on seven factors from the analysis
of the correlation matrix of the crab-eating macaque
mother-sibling-infant triads
Factors
Behaviors____________________ I II III IV V VI VII
Peer-oriented behaviors
Ventral contact -.11 -.03 .70 -.04 .04 .07 .16
Nonventral contact .27 .03 .50 -.02 -.13 .02 -.07
Oral contact -.08 -.12 .01 -.03 .44 .01 .01
Manual manipulation .06 -.05 .41 .14 .47 -.07 -.35
Approach .59 .05 .03 .00 .00 .38 -.13
Withdraw -.13 -.02 -.02 .09 -.06 .67 -.13
Clasp-pull .42 -.07 -.10 .07 .05 .46 .06
Bite .91 -.02 .07 .02 .02 .10 .03
Cuff .47 -.04 -.05 .00 -.05 -.20 .05
Cling .32 .05 .77 -.03 -.03 -.07 .03
Jawdrop .42 -.02 -.04 -.06 .01 .61 .06
Earflip .02 .07 -.04 -.03 -.02 .36 -.10
Noncontact play -.12 .02 .05 -.03 .00 .71 -.04
Contact play .17 .00 .02 .01 .25 .26 .06
Lipsmack -.21 -.05 .82 .00 -.04 -.01 .01
Mother-oriented behaviors
Ventral contact -.01 .93 -.09 .05 .07 -.02 -.16
Nonventral contact .03 .05 .10 .02 .21 -.11 .66
Groom .02 -.04 -.04 .02 . 33 -.05 -.12
Nurse .01 .68 -.05 -.01 -.04 -.01 -.02
Oral contact -.05 .12 -.05 .00 .68 -.03 .09
Manual manipulation .02 .04 -.09 -.08 .95 .03 .26
Approach -.05 -.05 .04 .19 .00 .16 .22
Withdraw -.04 .06 -.10 .20 .01 -.20 -.09
Clasp-pull .00 -.02 -.01 .99 -.04 .01 -.07
Bite .04 -.07 -.04 .68 -.01 -.01 .24
Cling -.02 .93 .07 -.10 .03 -.01 .31
Jawdrop .08 -.03 -.03 -.01 -.05 .02 -.05
Lipsmack .00 .42 .14 .20 -.03 .04 .13
aMother-oriented earflips were not observed for this group
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Table 7b
Interfactor correlations of promax-rotated factors for 
crab-eating macaque mother-sibling-infant triads
Factors j. II III IV V VI VII
I 1.00
II -0.19 1.00
III 0.14 -0.05 1.00
IV -0.09 0.13 -0.05 1.00
V -0.08 0.06 0.04 0.04 1.00
VI 0.23 -0.28 -0.01 0.02 CMiHO1 1.00
VII -0.09 0 . 11 -0.07 0.19 -0.19 0.09 1.00
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Table 8a
Loadings of 29 behaviors on seven factors from the analysis 
of the correlation matrix of the crab-eating 
macaque nuclear family triads
Factors


















Ventral contact -.01 .95 .02 .00 .08 -.01 -.06
Nonventral contact -.13 -.03 .08 -.04 .30 .11 -.13
Groom .35 .05 -.06 -.12 -.01 .03 -.04
Nurse .03 .64 .04 -.02 .04 -.02 .00
Oral contact -.01 .13 .02 .04 .69 .03 .06
Manual manipulation -.06 .26 .00 .03 .47 -.02 .02
Approach -.14 .15 -.01 .38 -.23 -.06 -.07
Withdraw -.05 -.01 .01 .57 -.12 -.08 -.04
Clasp-pull .05 -.01 -.05 .99 .02 .12 .07
Bite .03 .06 -.05 .99 .06 .05 .02
Cling .06 .91 .02 .08 .15 -.03 -.05
Jawdrop .06 .02 .07 .89 -.02 .06 -.08
Earflip -.03 -.12 -.02 .37 .26 -.07 .09
Lipsmack .02 -.05 -.05 .30 .06 .30 -.04
.05 -.15 .06 .01 .16 -.18 .77
.09 .02 .11 .11 -.12 .15 .61
.02 .08 .57 -.10 -.06 .10 .44
.08 -.07 .08 -.10 .01 .05 .02
. 56 -.14 .20 .07 -.10 .24 -.08
.06 -.11 .29 .08 -.24 -.08 -.04
.75 .03 .00 .16 -.06 -.30 .25
.91 .09 .61 -.04 .06 -.15 .02
.40 -.06 -.02 .03 -.02 .05 -.06
.80 -.03 .50 -.01 .04 .52 .05
.96 .02 . 16 .07 -.03 .07 -.12
.07 -.21 .30 .16 .20 .04 -.03
.15 -.22 -.03 .07 .06 -.23 -.09
.01 -.16 -.01 -.11 -.07 -.10 -.04
.14 -.05 -.05 .16 .01 .09 .07
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Table 8b
Interfactor correlations of promax-rotated factors for 
crab-eating macaque nuclear family triads
Factors I II III
I 1.00
II -0.49 1.00
III -0.09 -0.28 1.00
IV 0.28 -0.25 0.11
V -0.09 0. 31 -0.15
VI -0.09 0.26 -0.09
VII 0.14 -0.09 0.06




0.04 -0.05 0.11 1.00
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In comparing the factors that were yielded in the 
independent analyses of the five infant groups, five 
factors which were grossly similar across groups appeared. 
The factors are ordered within Tables 4 through 8 so that 
factor I is similar across groups, factor II is similar, 
etc.
Factor I is a social play factor in all infants (see 
Table 9). It includes elements of rough and tumble play 
with peers: approaching, pulling fur, biting, cuffing,
and threatening via jawdrops. The behavior contact play 
does not load on this factor in the majority of groups.
In fact, peer-oriented contact play is not highly corre­
lated with any factor.
Factor II is grossly similar across all infants. It 
is termed maternal comfort and care. Included in this 
factor (see Table 10) are gross ventral contact with the 
mother, attachment to the nipple, and clinging to the 
mother. Two major differences exist among groups on this 
factor: one, for patas dyads nonventral contact loads on
this factor rather than ventral contact and two, clinging 
does not load on this factor for infants of rhesus dyads. 
This factor is negatively correlated with Factor I across 
all groups, although the magnitude of the correlation 
varies from -.08 to -.49.
The variables that are included on Factor III across 
all groups are not consistent (see Table 11) but Factor
35
Table 9

















Approach .61 .28 .65 .59 .56
Withdraw .73 .65
Clasp-pull .54 .61 .42 .75
Bite . 84 .49 .70 .91 .91
Cuff .41 .43 .47 .40
Cling .32 .80
Jawdrop .73 .78 .86 .42 .96
Earflip .86
Noncontact play .29 .45
Contact play .69 .29
aCEM = Crab-eating macaque 
^Scored as clasp-pull-nip for rhesus
cScored as threat for rhesus
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Table 10
Behaviors that load on maternal care and 
comfort for each infant group
_________  Group___________ ______
CEMa CEJP
Rhesus Patas CEMa Sibling Nuclear 
Behaviors____________ Dyads Dyads Dyads Triads Families
Mother-oriented behaviors
Ventral contact .79 .93 .93 .95
Nonventral contact .92
Nurse .99 .65 .84 .68 .64
Cling .99 .94 .93 .91
Lipsmack .42
aCEM = Crab-eating macaque
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Table 11
Behaviors that load on affiliation for each infant group
____________________ Group__________________
CEMa CEMa
Rhesus Patas CEMa Sibling Nuclear 
Behaviors____________ Dyads Dyads Dyads Triads Families
Peer-oriented behaviors
Ventral contact .29 .70
Nonventral contact .68 .28 .90 .50









aCEM = Crab-eating macaque
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III always includes clinging to a peer and usually 
includes ventral or nonventral gross body contact. For 
the rhesus dyad infants, approaching a peer and oral 
exploration also load on this factor. Approach, clasp- 
pull, and bite correlate with this factor in patas dyad 
infants. Within the crab-eating macaque (CEM) groups, 
consistent patterns are not found. In the CEM dyad groups 
only gross nonventral contact and cling correlate with 
this factor. The sibling triad group had nonventral 
contact, ventral contact, exploratory behavior, cling, 
and lipsmack correlating with this factor. Finally, oral 
exploration, bite, cling, and earflip load on Factor III 
in the CEM nuclear family infants. This factor was tenta­
tively labeled affiliation. Affiliation has low correla­
tions with the factors termed social play (-.09 £  r £ *14) 
and low, negative correlations with the factors termed 
maternal care and comfort (-.30 £ r £ -.05).
Factor IV is mother-oriented social play. Biting the 
mother and, for most infants, pulling her fur are loaded 
on this factor (see Table 12). Also included in this 
factor for rhesus dyads, patas dyads, and CEM nuclear 
families is threatening the mother. Additionally, the 
CEM nuclear family infants and rhesus infants withdraw 
from the mother. The pattern of interfactor correlation 




Behaviors that load on mother-oriented


















Clasp-pull] .30*> .90 .99 .99
Bite J .79 .46 .68 .99
Jawdrop] .28° .78 .89
Earflipj .37
Lipsmack .30
aCEM = Crab-eating macaque 
^Scored as clasp-pull-nip for rhesus
cScored as threat for rhesus
40
Factor V is consistent for all macaques (as shown in 
Table 13). It is a prosocial factor and is termed social 
exploration (for macaques only). It includes oral explor­
ation of the mother, and additionally, for the crab-eating 
macaques, manual exploration of the mother’s body. For 
the mother-infant dyad-reared infants and the mother- 
sibling-infant triad-reared infants, exploration of peers 
is also loaded on this factor. Among macaques, social 
exploration has positive correlations with maternal care 
and comfort (.06 _< r < .31) and positive correlations with 
mother-oriented play (.02 £ r £ .18). For the patas 
infants, Factor V consists of ventral contact with the 
mother.
Factor VI is not consistent among the five groups of 
animals. For the rhesus dyad group, the patas dyad group, 
and the CEM mother-sibling-infant triad group, this factor 
is a peer-oriented noncontact, chase play factor. It 
involved peer noncontact play and withdrawing from or 
avoiding a peer. For the CEM mother-infant dyads, Factor 
VI involves approaching the mother, nonventral contact, 
and biting. For the remaining group, the CEM nuclear 
families, Factor VI consists of clinging to a peer and 
lipsmacking toward the mother. This was a common sequence 
of behaviors among these infants.
Factor VII is not consistent among all groups. For 
the patas infants, it consists of two peer-oriented
41
Table 13
Behaviors that load on social exploration



















Oral contact .99 .58 .68 .69
Manual manipulation .69 .95 .47
aCEM = Crab-eating macaque
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behaviors: lipsmacks and earflips. Among the macaque
infants, Factor VII consists of contact behaviors. In 
the rhesus dyads and the mother-sibling-infant CEM triads, 
it is maternally oriented gross body contact while in the 
crab-eating macaque dyads and nuclear family group of 
crab-eating macaques, Factor VII consists of gross body 
contacts which are oriented towards peers.
Simultaneous Maximum Likelihood Analysis
The results of the factor analyses applied independ­
ently to each infant group were similar enough to attempt 
to fit the same factors to each group simultaneously. 
Simultaneous maximum likelihood analysis is a method 
described by Joreskog for directly comparing the similar­
ities and differences in factor structures among different 
groups. For any specified model and any degree of speci­
fied similarity or invariance among m groups, the method 
of simultaneous maximum likelihood analysis estimates
A A A A
Ag, $g, t yg,  and therefore Eg for the gth group. These
values are computed by minimizing the function
m  /v
F = E (N^-lMlogl^l + tr ( S ^ T 1) - log|Sff| - p] ,
9 ^
g = 1, 2 , . . . m
/s
where N , E , and S are as defined earlier for the gthg g 9 v
group. If the N 's are large, then the minimum value ofy
F is distributed as a x 2 with degrees of freedom
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d = H p )(P + 1) - q, 
where q is the total number of parameters independently 
estimated in the model. The procedure does not require 
all groups to have the same number of variables factored, 
nor does it require variables to be the same across all 
groups.
All simultaneous factor analyses were done using 
Sorbom and Joreskog's (1976) confirmatory factor analysis 
with model modification program (COFAMM). Because of the 
number of variables examined, the number of factors being 
extracted, and limitations of the Louisiana State Univer­
sity IBM 370 computer, only three groups were simultan­
eously factorable. Therefore, in order to study similar­
ities and differences in the dimensions of social behavior 
across the five groups of infants, two independent series 
of factor structure comparisons were made: (a) a series
on the data collected on the three groups of crab-eating 
infants (mother-infant dyads, mother-sibling-infant 
triads, and nuclear family triads) to compare the social 
behavior of the same species of infants reared in three 
different social situations; and (b) a series of compar­
isons on the data collected on the three species of 
infants (crab-eating macaques, rhesus macaques, and 
patas monkeys) reared in a similar environment, mother- 
infant dyads. Because the behavior of dyad-reared crab- 
eating macaques was included in both series of comparisons,
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the eight infants of this group were randomly separated 
into two subgroups of four infants each; the data from a 
different subgroup were analyzed in each series to insure 
independence between the two series of comparisons.
In the series of hypotheses regarding the dyad groups, 
the first hypothesis considered was that of invariant 
factor loadings for all behaviors that were scored on all 
three groups, i.e. the loadings of most of the behaviors 
were constrained to be equal across groups in order to 
simultaneously fit the same factor pattern to all groups. 
For example, the loadings of ventral contact on the first 
factor were constrained to be equal across all groups, the 
loadings of ventral contact on the second factor were 
constrained to be equal across all groups, etc. Since 
the categories clasp-pull-nip, clasp-pull, bite, cuff, 
lipsmack, jawdrop, and threat were not scored for all 
three groups, the loadings of these variables on the 
seven factors were not restricted; they were free to be 
set by the likelihood minimization function.
After 1500 iterations of the minimization program, 
the x 2 measure of goodness of fit was 1579.51 with 882 
degrees of freedom, p < .0001. Although the COFAMM 
program had not converged to a final solution, the last 
250 iterations produced less than a 0.5% change in the 
X 2 value. Tucker and Lewis' reliability coefficient was 
.869 for the simultaneous solution.
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Although this index of goodness of fit is not as 
large as would be desirable for establishing invariance 
of factor loadings, a second hypothesis, more restrictive 
than the first, was considered. The rationale was as 
follows.
A well-fitting model with invariant factor loadings 
by itself does not establish the mathematical equality of 
factors; the equality of the variance-covariance matrix of 
the factors must be considered. The hypothesis of equality 
of dispersion matrices of the factors,
Hj>: <Pi = 4>z = <f>3>
was tested. Box’s test (Timm, 1975) for equality of 
dispersion matrices yielded an F(56,7650) = 4.07 which 
was highly significant, p < .0001. Therefore, the disper­
sion matrices of the seven factors were not the same, and 
as a result, the seven factors were not equivalent mathe­
matically across the infants of the patas mother-infant 
dyads, the rhesus mother-infant dyads, and the crab-eating 
macaque mother-infant dyads.
With regard to the three groups of crab-eating 
macaques, the first hypothesis considered was that of 
an invariant factor pattern for all behaviors except 
mother-oriented earflips. This behavior was not con­
strained to have equal loadings across all three groups 
of infants because it was not observed in the mother- 
sibling-infant triads. After 1000 iterations of the
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likelihood minimization function using COFAMM, the x 2 
measure of goodness of fit was 2455.6 with 974 degrees 
of freedom (p < .0001). The associated goodness of fit 
index for equal factor loadings was .628 which indicated 
a poor fit for this model. Although the COFAMM program 
had not converged to a final solution, the last 250 
iteractions produced less than a 4% change in the mini­
mization function. Testing for equivalence of the dis­
persion matrices of the factors was not performed due to 
the poor fit of the equal loadings.
Simultaneous Factor Analysis of Peer-Oriented Behaviors
In order to make comparisons between the results of 
the present study and previous factor analytic research 
on macaques (which has been limited to peer-oriented 
social behaviors), further factor analyses were performed 
on only peer-oriented behaviors. To replicate the results 
of Chamove, Eysenck, and Harlow (1972), three factors were 
simultaneously extracted from four groups of infants: the
patas mother-infant dyads and the crab-eating macaque 
mother-infant dyads, mother-sibling-infant triads, and 
nuclear family triads. The rhesus mother-infant dyads 
were excluded from the analysis because of differences 
in behavior categories.
Using the program COFAMM, three factors were simul­
taneously fitted to the infant groups to replicate the 
factors of play, fear, and aggression-hostility obtained
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by Chamove et al. (1972). The x 2 measure of goodness of 
fit was 2691.02 with 369 degrees of freedom, p < .0001. 
The associated reliability index p was .502 for the 
simultaneous solution. Thus, the model of 3 factors 
with a common factor pattern for the four groups did 
not fit the data well. One reason is suggested by the 
scree test (see Table 14) and the reliability index for 
the number of common factors (see Table 15) fitted to 
each group; both indices indicate that more than three 
factors should be considered in accounting for the inter­
relationships of the data.
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Table 14
Number of factors indicated by the scree test on 
peer-oriented behaviors for each group of infants
No. of Common Factors
Infant Group______________________Indicated by the Scree Test









Goodness of fit of factor models with various numbers 
of common factors for peer-oriented behaviors
Number of
Common Factors_________X___________ df________Prob.________ ft
3 788.10 252 .0001 .831
4 529.58 204 .0001 .874
5 346.12 160 .0001 .901
DISCUSSION
A preliminary methodological consideration of any 
study which is conducted over a period of time during 
which groups of subjects are observed sequentially must 
be one of the influence of confounding groups with time 
on the results. This study revealed that the observed 
scores for a number of variables are significantly corre­
lated with time. Most of these correlations are low, and, 
although they are statistically significant, the linear 
relationships are not meaningfully significant. However, 
the magnitude of the correlation with time of certain 
peer-oriented behaviors (oral contact, approach, withdraw, 
bite, noncontact play, and contact play) and certain 
mother-oriented behaviors (ventral contact and cling) 
are greater than 0.30 which cannot be dismissed as 
insignificant.
One source of the linear relationship between these 
variables and time is the complete confounding of groups 
with time. Because the behavior of groups of infants 
differed as a function of species and of rearing conditions 
and because the order in which groups were observed was 
completely confounded with time, the differences in beha­
vior scores tended to be linearly related to time. In 
addition, it was possible that a change in the executors 
of the measurement instruments occurred as a function of
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time (e.g., interobserver differences, subtle changes in 
the application of definitions in scoring infant behavior 
within an observer over time). It is impossible to test 
for the degree of these changes. However, the results of 
the factor analysis of any particular group are not con­
founded with time, and comparisons among groups indicate 
consistencies in the factors of social behavior. Thus 
either few changes occurred in the executors of the instru­
ments and/or the analyses were robust with respect to 
these changes
The most striking result of this research is the 
similarity of five underlying dimensions of social behavior 
independently obtained in three species of infants. The 
factor analyses of the peer- and mother-oriented social 
behavior of patas mother-infant dyads, rhesus mother-infant 
dyads, and three groups of crab-eating macaques (mother- 
infant dyads, mother-sibling-infant triads, and nuclear 
family triads) revealed the existence of the factors 
termed maternal care and comfort, social play, affiliation, 
social exploration, and mother-oriented play.
These findings are consistent with previous descrip­
tive research. The interrelationships of the behaviors 
that compose each factor have been noted in Harlow's
(1971) description of the development of infant-mother 
and infant-peer affectional systems in primates.
The infant-mother affectional system consists of the
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bonds that tie an infant to its mother. These bonds are 
exhibited in the factor termed maternal care and comfort. 
The behaviors that compose maternal care and comfort are 
the same behaviors that predominate in Harlow's (1971) 
description of infant-mother interactions in the stage 
of environmental exploration. They include attachment 
to the mother’s breast and clinging to her ventral surface. 
During the stage of exploration, physical attachment to 
the mother is an act of gathering reassurance while explor­
ing the environment rather than an act of gathering 
nourishment. As the infant explores its world, it returns 
to the mother when frightened to gain assurance and 
security.
Mother-oriented social play is an infrequently 
reported mother-infant interaction during an infant's 
first 6 months, but the analyses of the three species 
of infants in this research indicate that this factor 
is a consistent component of the infant-mother affectional 
system.
The factors termed social play and affiliation are 
part of the infant-peer affectional system. The behaviors 
that form contact social play are elements of aggressive, 
rough and tumble sham fighting: approaching a peer,
pulling its fur, biting, cuffing, and threatening.
Although Seay, Schlottmann, and Gandolfo (1972) have 
found that crab-eating macaques, like rhesus macaques,
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maximize the opportunity to engage in rough and tumble 
play and that patas monkeys engage in aggression play 
less frequently than macaques, the aggressive social play 
factor still was found to be common to infants of these 
different genera.
The factor termed affiliation includes clinging among 
a variety of prosocial behaviors. Although Harlow and 
Harlow (1965) concluded that prolonged infant-peer cling­
ing disrupts normal development of the infant-peer affec­
tional system, the presence of a moderate amount of peer- 
oriented clinging is an integral part of this affectional 
system among the infants observed in this study.
The factor of social exploration was found only in 
macaques in this study. Social exploration has been 
described by Harlow (1971) as a precursor to social play 
in the infant-peer affectional system and as a necessary 
part of the socialization process of macaque infants. The 
present findings indicate that social exploration is not 
limited to age-mates but extends to any animate object 
present.
Although five of the seven factors that appeared in 
this study are consistent with previous descriptive 
research, few similarities with previous factor analytic 
research on macaque social behavior were found with regard 
to the number of common factors. Locke et al. (1964) 
obtained two factors while Chamove et al. (1972) obtained
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three factors for peer-oriented behaviors. The results 
of this study indicate that more than three factors are 
required to account for the interrelationships of peer- 
oriented behaviors and that seven factors are required to 
account for peer- and mother-oriented behaviors combined. 
The differences in the number of factors are a product of
the differences in the behavior categorization systems
used. More behaviors were scored in this research project, 
and the behaviors were more specific than the behaviors
used by Chamove et al. (1972) and Locke et al. (1964).
Because this study used a behavior classification system 
that consisted of a greater number of more specific beha­
viors, the factors that resulted are greater in number and 
more specific in nature than those yielded by previous 
research.
Despite the differences in behavior classification 
schemes, a parallel does exist between the factors found 
in this study and the factors found by Chamove et al. 
(1972). The peer-oriented factors of social play, affil­
iation, and social exploration resemble, as a group, the 
play-positive contact factor found by Chamove et al.
(1972). The remaining two factors reported in this 
previous research do not appear in this study. This is 
not surprising given the age differences of the subjects 
in the two studies. Aggressiveness and submission- 
withdrawal are characteristic of the peer interactions
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of year-old infants but do not often appear in the less 
complex social interactions of 3£ to 6 month-old infants.
Although five factors were similar across the five 
groups of infants, attempts to fit the same factor load­
ings to all groups using simultaneous factor analysis 
proved unsuccessful. However, the inability to find 
mathematically equivalent factors that accounted for the 
interrelationships of the data in all groups is due to 
the differences among groups on the three factors that 
were found to vary among groups. Differences among groups 
on Factor V are associated with phylogenetic differences 
among the infants. This factor, termed social exploration, 
is found in all macaque groups but not found in the patas 
infants. Differences among Factors VI and VII may repre­
sent phylogenetic or experiential differences among groups 
or may consist of correlated error. The latter explana­
tion is not unreasonable given the small number of subjects 
observed in each group. Factors VI and VII may well repre­
sent the idiosyncratic behavior or personalities of indi­
vidual animals in each group.
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